[ri(t + ∆t) − ri(t)] 2 , [1] where N is the total number of particles (cells), T is the total number of timesteps (frames), and ri(t) is the position of particle i at time t. An example of the MSD extracted from tracked mouse fibroblasts is shown in the main text in Fig. 2(A) . As mentioned previously, the MSD can often be fit to the following functional form,
We extract the exponent α from data using a linear fit of log10(M SD) vs. log10(∆t). The dependence of fit on timescale ∆t is extracted using a linear fit between timescales ∆t and ∆t + T with T = 100. Altering the fitting window T did not significantly alter our results. Throughout the remainder of this manuscript we will denote the slope of the log-log MSD as α. We calculate the standard directional velocity auto-correlation function:
where the velocities, v(t), are the instantaneous displacements between two sequential frames and the brackets indicate averaging over the ensemble and initial times to. An example is shown in Fig. 1(B) . Unscaled displacement probability distributions were calculated by first constructing a cumulative distribution function (CDF) using the MATLAB function ksdensity. The probability distribution function is constructed as the numerical derivative of the CDF. This process was then repeated with scaled displacements ρ(t) = r(t) t γ with the best collapse determined by minimizing the sum over the squared difference between each probability distribution and normalizing by the number of elements, sampling values of 0.4 < γ < 1. Utilizing a bootstrap method of error estimation, the distributions from which the CDFs were constructed were randomly sampled with replacement to generate a new data set and the corresponding probability distribution. This process was iterated 100 times in order to estimate the variance of each bin.
A one dimensional Canny edge detection algorithm was used to calculate turning angle distributions (3). The input to this algorithm is a time series of changes in orientation, along with a threshold value. This differs from the traditional two dimensional Canny algorithm, used primarily to detect edges in images, and instead identifies "edges" in a one dimensional signal and labels them as either "runs" or "tumbles." The threshold is calculated using Otsu's method on individual cell trajectories (4), which uses a test angle magnitude, k, to divide the turning angles for a cell trajectory into two classes, runs and tumbles. The variance of each of these classes is then calculated as a function of k and minimized to determine the optimal threshold value for the Canny edge detection algorithm. The Canny edge detection algorithm then simply identifies changes in turning angle greater than the Otsu threshold as tumbling events. We define the run time as the time between tumbles. An example trajectory with highlighted tumbling events is shown in the main text in Fig. 1(B) .
